Dopamine (DA) neurons in the substantia nigra (SNDA neurons) are among the most severely affected in Parkinson's disease (PD). Mitochondrial complex I inhibition by rotenone or MPTP can induce SNDA neurodegeneration and recapitulate motor disability in rodents. We performed a transcriptional analysis of the midbrain response to complex I inhibition focused on selected metabolic transcripts using quantitative real-time RT-PCR in conjunction with laser-capture microdissection (LCM) of immunofluorescently targeted SNDA and ventral tegmental area (VTA) DA neurons. There were DA neuron-selective alterations in metabolic transcripts in response to generalized complex I inhibition dependent on the behavioral response of the animal, and vulnerable SNDA neurons were more dynamic in their metabolic transcriptional response than less vulnerable VTADA neurons. The metabolic transcriptional response of DA neurons may contribute significantly to the ultimate toxicity associated with mitochondrial inhibition, and better understanding of this response may provide insight into potential targets for neuroprotection in PD.
Introduction
The underlying causes of neurodegeneration in Parkinson's disease (PD) are not known, but mitochondrial dysfunction has been implicated by the repeated finding of decreased activity of complex I of the electron transport chain and the more recent description of mitochondrial DNA deletions in PD patients (Bender et al., 2006; Parker et al., 1989; Schapira et al., 1989 Schapira et al., , 1990 . Additionally, chemical inhibition of complex I by rotenone or MPTP can recapitulate dopamine (DA) neuron degeneration and associated neurological disability in experimental animals (Betarbet et al., 2000; Dawson et al., 2002; Fleming et al., 2004; Schneider et al., 1987; Sherer et al., 2003) . Furthermore, several mutations that cause inherited parkinsonism affect gene products (e.g., PINK1, parkin, α-synuclein) that can impact mitochondrial function (Gispert et al., 2009; Loeb et al., 2010; Narendra et al., 2010) .
Although many neuronal populations are affected, dopamine (DA) neurons in the substantia nigra pars compacta (SNDA neurons) are among the most severely depleted in both human PD and experimental chemical parkinsonism (Betarbet et al., 2000; Dawson et al., 2002; Fearnley and Lees, 1991; Hirsch et al., 1988; Okamura et al., 1995; Rinne, 1993; Schneider et al., 1987; Varastet et al., 1994) . We have hypothesized that greater metabolic demand, as evidenced by overabundance of RNA transcripts related to energy metabolism, is in part responsible for the exquisite susceptibility of SNDA neuron neurons to metabolic stress (Greene et al., 2005) . Interestingly, calcium-dependent pacemaker activity in SNDA neurons has been recently proposed to render these neurons more susceptible to mitochondrial inhibition by increasing metabolic demand (Chan et al., 2007) .
Despite increasing knowledge about the mechanisms responsible for the vulnerability of SNDA neurons to mitochondrial stress, the downstream molecular responses to complex I inhibition are not well understood. It is only recently that regulated signaling events, such as K-ATP channel activation, as opposed to indiscriminate disruption of neuronal activities, have been implicated in determining the balance between neuronal degeneration and survival after metabolic inhibition (Liss et al., 2005) . In particular, the metabolic transcriptional response of DA neurons may contribute significantly to shaping the ultimate toxicity associated with mitochondrial inhibition.
We performed a limited transcriptional analysis of the brain response to rotenone intoxication focused on selected metabolic transcripts and followed up with a similar examination in MPTPtreated mice using quantitative real-time RT-PCR in conjunction with laser-capture microdissection (LCM) of immunofluorescently-targeted SNDA and ventral tegmental area (VTA) DA neurons. Our results clearly demonstrate the necessity of using enriched cellular Neurobiology of Disease 38 (2010) [476] [477] [478] [479] [480] [481] 
